An investigation to determine whether rocketsonde temperatures are significantly different from radiosonde temperatures was made using published data for Wallops Island, Va. Statistical comparison between the Arcasonde 1A and ESSA's hypsometer-equipped "outrigger thermistor" type radiosonde revealed their measurements to be significantly different. Examination of the mean temperatures yielded by each measuring system for the winter and summer seasonal data revealed a constant difference below 26 km, while above this altitude the difference increased with altitude. The range of winter-summer mean temperatures computed from each system also showed good agreement except above 26 km where the range increased a t a,different rate. It is believed these differencesin the temperature profiles may be caused by radiation influences acting differently on each sensor. The need for further investigation of these differences is indicated.
INTRODUCTION
Because the sensors, telemetry, and ground equipment Incompatibility between measured radiosonde and rocketsonde temperatures has been shown to exist by Finger and Woolf (1966) and has also been reported on by Belmont et al. (1964) and Wright Instruments, lnc. (1961) ; similarly, Craig et al. (1967) have reported differences between measurements made with rocketsonde and radiosonde temperature sensors flown on the same radiosonde instrument. The radiosonde is considered to be the standard from which pressure, altitude, and temperature values are used as the initial values for determining pressures and densities at rocketsonde altitudes. It is also customary to base the reliability of measured rocketsonde temperatures on their agreement with radiosonde temperatures obtained close in time. Hodge and Harmantas (1965) in their radiosonde compatibility study reported that the radiosonde exhibits some variability in its measurements. They found that this variability can be attributed to a combination of causes, e.g., resolution of ground equipment and evaluators, different radiosonde manufacturers and production lots, baseline check errors, computational and plotting procedures, pressure cell errors, etc. However, radiosonde variabilities cannot be considered the sole reason for the differences noted; Miller et al. (1968) have shown that variability also exists in rocketsonde measurements. They feel that this may be due to real atmospheric fluctuations, in addition to other measurement variabilities. Also to be considered is that most rocketsonde techniques were adapted from radiosonde methods; in fact, most of the ground equipment used in making radiosonde observations is also used in making rocketsonde observat'ions. Possibly then, some of the causes of radiosonde variability as found by Hodge and Harmantas (1965) could also acc.ount for rocketsonde variability. I t is important, therefore, that these observed differences between rocketsonde and radiosonde measurements be investigated t o determine whether they are significant. of both systems are essentially the same and the observations are made close in time, statistical methods were used to test the temperature differences. More specifically, the paired observations t-test was used to test for significant differences; it was assumed that stratospheric conditions remained unchanged between the measurements made within each pair.
Data published in the Data Report, Meteorological Rocket Network
Firings (Environmental Science Services Administration, 1965 -1967 and in the "EXAMETNET Data Report Series" (Schellenger Research Laboratory, 1966 Laboratory, -1967 were used to make the comparisons. These data reports provided a large number of daytime-only soundings plus a smaller number of nighttime-only soundings.
Statistical testing procedures require that the number of variables be a minimum. The available soundings, however, contained variables whose interaction could conceivably influence the results. I n order to reduce the number of variables, the following restrictions were observed in selecting data. First, only Wallops Island, Va., soundings were used. Secondly, investigation was limited to temperatures obtained from the Arcasonde 1A* and ESSA's hypsometer-equipped "outrigger thermistor" type radiosonde. Thirdly, the stratosphere was assumed to have two seasons, winter (October through April) and summer (May through September). Finally, only rocketsonderadiosonde observations obtained within plus or minus 6 hr of each other were compared.
STATISTICAL TESTS
To remove persistence that may have existed between the paired observations, only pairs separated by 24 hr or more were selected. These were then edited further (using a graphical editing process) to remove those observations ministration does not approve, recommend, nor endorse any product ez'ceplfor its Own Use, that contained obvious discrepancies. Approximately 35 samples from each season were available for testing; about half this number were available from the upper altitudes. Tables 1-3 give the Arcasonde launch dates, times, and time differences from radiosonde release times for each season and for the nighttime data.
The means and standard deviations of the temperature differences were calculated for nine altitudes in the 20-to 34-km region. These data were used in the t-test. Means, variances, and standard deviations were also calculated for the temperatures obtained from each system. The calculations I and tests were made on the winter-and summer-season daytime data, and these seasonal data were then combined to provide total yearly values for additional testing. Nighttime soundings, although few in number (six to 19), provide a measure of comparison with the daytime data.
The data distribution was considered to be normal; but because of the sample size, Student's t-test was employed to test the temperature differences for significance. The difference d is given by where X represents the Arcasonde temperature and Y the radiosonde temperature. After formulating the hypothesis that the differences were equal to zero, a two-tailed t-test at the 95-percent level of significance was applied to the measurements. It should be noted that the paired observations test is a powerful test and will reject the hypothesis more times than it will accept it. This is because measurements when made in pairs are expected to yield a high correlation that will tend to minimize the variance, thus increasing the calculated value of t. The means, variances, and standard deviations for the temperatures measured by eacb system and the t-test results are given in table 4.
DlSCPJSSlON
The two-tailed t-test showed that one-half the observed t-values exceeded the critical values' (table 4) . Therefore, the hypothesis that the differences equaled zero was rejected. These differences could have been caused by space and time differences, or measurement error in the systems, or both. Certainly, differences due to variability in space and time are expected to occur, but. how much can be attributed to each is difficult to determine with the available samples. Determining the magnitude of the measurement error is likewise difficult since an absolute standard by which a measurement can be compared does not exist at this time. Such an absolute standard should not be confused with the accepted procedure of using the radiosonde measurements as a reference or base from It was expected that the standard deviations would be larger for the bead thermistor temperatures (because of the bead's response characteristics) than those measured with the rod thermistor. This expectation was not realized. As shown in table 4, the Arcasonde standard deviations (SJ were similar to! and in some instances less than, the radiosonde's (S,) ; only at 32 and 34 km were they larger. Comparisons of the standard deviations for the winter and summer data showed the measurement variability to be greater for the winter-season observations. This suggests that solar effects could have a greater stabilizing influence during the summer, or that actual atmospheric variability is greater in winter.
It should be noted that the standard deviations for all the data became larger with increasing altitude.
Comparison of the winter-summer and nighttimedaytime mean temperatures (figs. 1 and 2) show that the radiosonde temperatures were lower than the Arcasonde's. Except for minor perturbations of the nighttime profiles between 23 and 26 km ( fig. 2) the mean temperatures were constant to about 24 km. Above 26 km, the mean temperatures diverged. The mean-temperature differences ; i for the winter-summer example ( fig. 3A) show that between 20 and 24 km the radiosonde temperatures were lower t.han the Arcasonde's by about 1°C during the winter and 0.5OC during the summer; the differences were slightly less for the nighttime-daytime example ( fig. 3B ). It is not understood why the mean temperatures diverged above 26 km; possibly, radiation, could be affecting each sensor differently. Armstsong (1965) has reported that the height at which radiation error becomes a major problem depends on the magnitude of the source of error, the size and shape of the sensor, the rate of ventilation, and the coefficient of absorption of the element for the radiation being received and radiated. These are known to be different for the bead and rod thermistors. Similarly, on tests made at Wallops Island dGing May 1966 , Craig et al. (1967 reported that the sensors agreed quite well up to about 24 to .25 km where the differences in temperature began to drift apart with increasing altitude. In these tests, the 10-mil bead, the ME-419 rod thermistor were flown on the same radiosonde.
The results of these current comparisons raise the question, why does the systematic difference occur between 20 and 24 km? It might be hypothesized that the radiosonde balloon cools almost to the tropopause temperature and, as it rises into the relatively warmer stratospheric air, remains colder than ambient because of its thermal lag. Perhaps then, the radiosonde's thermistor was cooler than ambient because it was washed in the flow of air cooled by contact with the rising balloon. Brasefield (1948) in his investigation of the outrigger-and ducted-type thermistor mounts reported an increase in temperature of about 1°C immediately after balloon burst.
The seasonal ranges of the mean temperatures reported by each measuring system also were found to increase a t different rates with increasing altitude. The ranges of the winter-summer mean temperatures ( fig. 4A ) for the Arcasonde were 2.7'6: at 20 km and 8.8OC a t 34 km; the ranges reported by the radiosonde were 3.2'6: at 20 km and 6.4OC at 34 km. Although the magnitude of the seasonal range was different for each system, it is noteworthy that the differences between the ranges were nearly constant (0.5'C t o 0.6'61) up to about 26 km and diverged above this altitude. This again suggests that the cause may be radiation affecting each system differently; otherwise, the differences should have remained essentially constant to 34 km. The ranges of the night-day mean temperatures for each system ( fig. 4B ) were found to be considerably less than the winter-summer ranges. The nighttime profiles were not as well defined as the wintersummer profiles, probably because of the smaller number of samples.
Wallops Island mean temperatures for the period 1961-1967 were computed for six winter and summer seasons B) that the radiosonde temperature was lower than the rocketsonde by 1'C during the winter and 0.5OC during the summer. Above 26 km, the difference between the mean temperatures increased with altitude. Upon examination of the seasonal ranges of the mean temperatures, similar conditions were found to exist for each measuring system. If these differences are due to space and time differences or measurement error, then perhaps the present method of using the supporting radiosonde data should be examined. Accordingly, the use of the radiosonde for obtaining initial data for pressure and density computations at rocketsonde altitudes may need to be replaced. Finally, differences between temperature profiles for Wallops Island and WSMR were found to exist; WSMR radiosonde and rocketsonde temperatures showed excellent agreement in contrast to Wallops Island radiosonde and rocketsonde temperatures.
MONTHLY WE
Although it is difficult to conclude what the real causes of these differences are, radiation influences affecting each system differently may be the major contributor to the error. I t is suggested that further studies aimed at determining the influence of radiation reflection and emission from the earth's surface, and the absorption and emission characteristics of the radiosonde and Arcasonde sensors, be undertaken.
Radiosonde techniques may not be compatible with rocketsonde techniques mainly because of the latitude allowed the observer in the selection of significant data. Therefore, it is further suggested that an investigation of balloon-borne observational methods be undertaken in an effort to study their effects on rocketsonde data. I t would also be interesting to see results of more radiosonde observations made with bead and rod thermistors mounted on the same instrument. The use of radar to measure the radiosonde heights should be a primary requisite. This would help in determining quantitatively the amount of measurement error that may exist.
One final comment is in order. Although the radiosonde involved in this study was equipped with a hyp-ATHER REVIEW vo!. 97, No. 8 someter for determining pressure, it is possible that an error could exist in the radiosonde heights due to pressure measurement error. This was not considered here, primarily because the error due to this source amounts to about 200-300 m. After examining figures 1 and 2 again, it is obvious that the temperature differences could be decreased below 26 km by a height adjustment of the curve, but this will not materially change anything above 26 km.
